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COMPLETE SPECIFICATION 
Hydraulic Transmissiom 


We, The New York Air Brake Company, 
a corporation of the State of New Jersey, 
United States of America, located at 230 Park 
Avenue, New York Qty, New York, United 

5 States of Amecica, do lierd>y declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the mediod by which it 
is to be performed, to be particularly de- 
scried in and by the following statement: — 

10 This invention relates to hydraulic tran&> 
missions of the dosed system type, that is, 
those .transmissions in which tibe suction and 
discharge ports of the pump are connected 
directly with the outlet and inlet ports, r&- 

15 spcctivcly^ of the motor. 

In this type of system, it is necessary to 
provide some means for replacing the oil which 
leaks from the system at the piimp and the 
motor. Furthermore, since the horsepower 

iO being transmitted by the device is relatively 
large in relatoin to the total oil capacity of 
the system, some mechanism must be provided 
for cooling the oiL 

It is tl^ object of this invention to provide 

25 an hydraulic transmission including mechan- 
ism for replenishing the leakage oil in the 
closed S3^tem. 

The preferred embodiment of the invention 
will be described in relation to tie accompany- 

30 ing drawing which is a schematic diagram of 
the transmission* 

As shown in 1±ie drawing, the transmission 
comprises a reversible variable displacement 
pump l eaving a pair of ports 2 and 3, a con- 

35 stant displacement motor 4 having a pair of 
ports 5 and 6, a pair of conduits 7 and 8 con- 
necting the ports 2 and 5 and the ports 3 and 
6, respectively. The pump 1 can take several 
dJfPerent forms; it being required only that 

40 it be capable of discharging through either the 
port 2 or the port 3 while employing the re- 
maining port as the suction port. In some 
pumps^ this reversing of the fimctions of the 
two ports is accomplished by reversing the 

45 direcdon of rotation of the dnve shaft while, 
in other pmsps, reversibility is achieved by 
means of a reversing valve« In still other 
pumps, sudi as the rotary cylinder baxrd lon- 
{Price Ss. 6d.} 


gitudinally reciprocating piston pump whidt 
employs a cam plate for moving the pistons 
on their disdiarge strokes and for governing 
the length of these strokes, the direction of 
flow through the pump is reversed by moving 
the cam plate to opposite sides of a neutral 
or zero stroke-establishing position. The pump 
iUusttkbd in the drawing is of the latter type 
and. includes a control linkage 9 for position- 
ing the cam plate. 

.The transmission also includes a constant 
dispIacepGient replenishing pump 11 which, in 
a typical installation, is a gear pump and is 
driven by the prime mover to which the pump 
1 is connected. The capadty of pump 11 is 
greater than the rate of leakage from the 
dosed system so heated oil is displaced from 
that system. The replenisidng pump 11 is sup- 
plied with hydraulic oil from the reservoir 
12 through the conduits 13 and 14 and the 
interior of the housing of the variable dis- 
placement piimp 1. It is not essential that the 
supply circuit pass tiirough the housing of the 
pump 1, but this is a desirable arrangement 
because the circulation of fluid through the 
housing of the pump cools the pump. Dis- 
charge from replenishing pump 11 passes into 
conduit 15 and Then, depending upon which 
of the conduits 7 and 8 is the low pressure 
conduit, through either passage 16 and check 
valve 17, or through passage 18 and chedc 
valve 19 to that conduit. 

Since the quantity of oil delivered by re- 
plenishing pump 11 is greater than the rate 
of leakage from the system, a low pressure 
relief valve 21 is provided to by-paiss the ex- 
cess oil to the reservoir 12. This valve 21 is 
coimected with whichever of the conduits 7 
and 8 is the low pressure conduit by means of 
a shutde valve 22. The shutde valve 22 in- 
dudes a pair of inlet ports 23 and 24 ^v^di 
are connected by the passages 25 and 2& with 
the conduits 7 and 8, respecdvdy, a pair of 
biasing ports 27 and 28 which also are con- 
nected with the passages 25 and 26, respec- 
tLvdy^ and an exhaust port 29 which is om- 
nected with the low pressure relief valve 21. 
Formed in the housixig of shuttle valve 22 is a 
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bore which interconnects these ports and which 
receives the plunger 31. This plunger is 
formed with a central groove 32 that defines 
two valve lands 33 and 34 and is biased to 
5 the neutral position shown in 1^ drawing by 
a pair of coil compression springs 35 and 36. 
The pressures in biasing ports 27 and 28 act 
on opposite ends of the plunger 31 and the 
plimger is shifted in opposite directions from 

10 the illusoated neutral position by the pressure 
diiSerential between tidese ports to connea 
port 29 -with either port 23 or port 24. The 
esiiaust port of the low pressure relief valve 
21 is connected with the reservoir by conduits 

15 37 and 38 and the interior of the 'housing of 
motor 4. As in the case of the supply circuit 
for the replenishing pump 11, it is desirable 
to pass the exhaust flow from relief valve 

21 through motor 4 for purposes of cooh'ng 
20 the parts of the motor. The conduit 38 is pro- 
vided with a conventional heat exchanger 39 
and a filter 41. Since the pressure in this con- 
duit is relatively low, an inexpensive low pres- 
sure heat exchanger may be employed. 

25 In addition to the function already de- 
scribed, shuttle valve 22 also serves to connect 
whichever of the conduits 7 and B is the high 
pressure conduit with a high pressure pilot- 
operated relief valve 42. The valve 42 is pro- 

30 vided with an inlet port 43 whicli is connec- 
ted with the ports 44 and 45 in shutde valve 

22 by passages 46 and 47, respectively, and 
with a pair of exhaust ports 48 and 49 which 
are connected with the exhaust port 29 of the 

35 ^tittle valve 22 by a branched passage 51. 
Located in the housing of the relief valve 42 
is a pilot valve 52 whose head is in commtim- 
cation with the inlet port 43 through a meter- 
ing orifice 53 formed in a by-pass valve 54. 

40 When the pressure acting on the head of valve 
52 is suflSdent to overcome the force of its 
biasing spring, the valve 52 opois to permit 
flow from inlet port 43 to exhaust port 49. 
Since this flow passes through a metering ori- 

45 fice 53, the by-pass valve 54 is subject to a 
pressure differential which shifts it downward 
against the bias of its spring 55 and opens 
oonmiunication between inlet port 43 and ex- 
haust port 48. 

50 When, during operation, control linkage 9 
is shifted so that pump 1 disdiarges into 
conduit 7, and conduit 8, therefore;, becomes 
-die low pressure conduit plunger 31 of shuttle 
valve 32 shifts to the ri^t thereby intercon- 

55 necting ports 27 and 44, and ports 24 and 29- 
This action places low pressure relief valve 21 
in communication with conduit 8 and con- 
nects the high pressure relief valve 42 with the 
conduit 7. Fluid delivered by replenishing 

60 pimip 11 passes into the low pressin-e conduit 
8 througji passages 15 and 18 and check valve 
19 where it replaces the fluid lost through 
lealcage in pump 1 and motor 4. The excess 
fluid delivered by pump 11 displaces an equal 

65 amount of heated oil returning from motor 4 


to pump 1 and causes this fluid to flow to the 
reservoir through low pressure relief valve 21 
and passages 37 and 38. On its way back to 
the reservoir 12, this displaced oil is cooled 
in the heat exchanger 39 and cleaned in fil- 70 
ter 41. Pressure in the high pressure conduit 

7 is regulated by the high pressure relief valve 
42 which, since the passage 51 is connected 
with the port 29, by-pass fluid into the low 
pressure conduit 8. This arrangement, where- 75 
in the high pressure relief valve exhausts to 
the low jMessure side of the closed system 
rather than to the teservoir 12, is important 
because it permits high pressure relief while, 

at the same time, maintaining the low pres- 80 
sure side of the circuit liquid-filled. 

If control linkage 9 is now shifted to move 
the cam plate of pump 1 over center, conduit 

8 becomes the high pressure conduit and con- 
duit 7 becomes the low pressure conduit. Un- 85 
der these conditions, plunger 31 of shutde 
valve 32 shifts to the left to interconnect 
ports 23 and 29, and ports 28 and 45. Re- 
plenishing pump 11 now delivers fluid into 
conduit 7 through die passage 16 and check 90 
valve 17. The functions and operation of re- 
lief valves 21 and 42 remain unchanged ex- 
cept that now, relief valve 21 limits the pres- 
sinre in conduit 7 and relief valve 42 limits 
the pressiire in conduit 8. 95 

It should be observed that this transmis- 
sion employs only one low pressure relief 
valve and only one high pressure relief 
valve. This is an advantage, not only from the 
standpoint of cost but also because it elimi- 100 
nates the problem of matching the settings of 
a plurality of relief valves. In diis scheme, 
once the valves are adjusted, they automatic- 
ally provide the same limit pressures re^rd- 
less of which of the two conduits 7 and 8 is 105 
the high pressure conduit 

As stated previously, tiie drawing and de- 
scription relate only to a preferred embodi- 
ment of the invention. Since many changes 
can be made in this embodiment without de- HO 
parting from the inventive concept^ the fol- 
lowing claims should provide the sole measure 
of the scope of the in^raxtion. 

'WHAT WE CLAIM IS: — 

1. An hydraulic transmission comprising a 115 
reversible variable displacement pump having 
a pair of ports; a niotor having a pair of 
ports; a pair of conduits, each connecting one 
port of the pump with one port of the motor; 
a reservoir; a replenishing pump; means de- 120 
fining a curcuit leading from the reservoir to 
the replenishing pump and from that pump 
to each of the pair of conduits, the circuit 
including a check valve located between each 
of said pair of conduits and the replenish- 125 
ing pumpj a low pressure relief valve having 
inlet and exhaust ports, the exhaust port 
being conneaed witii the reservoir; a high 
pressure relief valve having inlet and exhaust 
ports; and a shuttle valve operable in response 130 
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to the pipsure differential between said pair 
of conduits for connecting whichever of the 
conduits is the hi^ pressure conduit with the 
inlet port of the high pressure relief valve and 
simultaneously connecting the other conduit at 
the lower pressure with both the inlet port 
of the low pressure relief valve and the ex- 
haust port of the -high pressure relief valve. 

2. The hydraulic transmission defined in 
claim 1 in whidi the connection between the 
low pressure relief valve and the reservoir in- 


cludes the interior of the housing of the 
motor. 25 

3. The hydraulic transmission defined in 
claim 2 in which that portion of the circuit 
connecting the reservoir and the replenishing 
pump includes the interior of the housing of 
the reversible variable displacement pump. 20 

4. The hydraulic transmission defined in 
claim 1 in which the high pressure relief 
valve is a pilot-operated relief valve. 

MARKS & CLERK. 
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1 CMCirr drawing is a reproduction of 

1 once I jjig Original on a reduced scale 
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